Bitumen is a mixture of organic liquids that are viscous, black, sticky and soluble in most organic solvents. The composition of bitumen has been variously reported to consist of highly condensed polycyclic aromatic hydrocarbons (PAH), heterocyclic compounds and heavy metals such as nickel, vanadium, lead, chromium, mercury, arsenic, selenium, manganese and other toxic elements 1 . 
The coastal plain of Ondo State is rich in tar sands and bitumen. This area is dotted with bitumen deposit from Agbabu in Odigbo Local Government Areas to Ilaje Ese Odo and Okitipupa Local Government Areas by the sea -shore. The locality is within the belt of bitumen impregnated sandstone that runs east-west within the Benin Basin. The Basin runs parallel to the coastal margin of the Gulf of Guinea covering the Southwestern Nigeria and Republic of Benin, (Fig 1.0) .
Hitherto, the exploitation of the mineral is localised and on a small scale. To expose this mineral to interested investors, it is pertinent to undertake a comprehensive chemical characterization that will provide necessary chemical information of interest. To acccomplish this, the characterisation of the organic components has been undertaken and reported in another paper 2 . The elemental composition with respect to the heavy metal constituents is also necessary and this requires multi-element technique that provides the much needed comprehensive data. The technique of choice is neutron activation analysis. Neutron activation is a versatile multi-element technique that provides both qualitative and quantitative information for a number of samples. Applications abound in chemical literature world wide. Notable applications include the analysis of Nigerian coal 3 . Solvent extraction of Athabasca oil sand for trace metals determination 4 . Analysis of some Nigerian iron ore samples 5 , determination of the minor and trace elements in Biriniwa's tin pyrite an galena 6 , determination of impurities in Nigerian gypsum samples 7 and trace element analysis of some shaving powders commonly marketed in Nigeria using INAA 8 to mention a few. However, the chemical information of Nigerian tar sand is relatively scanty hence, the need to complement the available information through the presesnt study.
MATERIALS AND METHODS

Sample Collection and Preparation
Bitumen and tar sand samples were collected from three different locations; Agbabu, Mile 2 at Isaiah camp and Ilubirin all in Odigbo Local Government Area of Ondo State, Nigeria The tar sand sample was collected from IIubirin outcrop by grab method and packed inside a plastic container, while the bitumen samples: near -surface and borehole sources were drawn respectively from Mile 2 Isaiah camp and Agbabu bitumen deposits. The samples were obtained in 4 replicates and thoroughly homogenized. The tar sand was ground in a carbide ball mill to homogenize it.
Extraction of Samples
The samples were subjected to soxhlet extraction using toluene as the extractant. 80.0 g each of the sample was weighed into soxhlet thimble (Whatmann 33mm x 94mm) fitted into a round bottom flask containing 250ml of toluene. The setup was subjected to heating in an electrical heating mantle regulated at a temperature of 125 0 C. The whole extraction process lasted 12h and was considered complete upon obtaining clear liquid solvent siphoning into the flask. The sand residue in the thimble was carefully recovered and transferred into a weighed plastic container and allowed to dry. The extract was initially centrifuged at 3000 rpm to remove the particulate matters. These particulate matters was washed with toluene and oven-dried at 110 0 C for 180mins. The centrifuged extract was vacuum evaporated using Rotary evaporator (Buchi, Rotavapor, RE, 218336) with moderate vacuum pressure and water bath regulated to 35 0 C. The sand residue thus obtained was subjected to neutron activation analysis.
Separation of Asphaltene from the Extract
The maltene (deasphaltened) and asphaltened components of the extracted samples were obtained as follows:
Ten grams of the extract were weighed inside a 250ml conical flask and 100mls pentane was added into the flask. The mixture was thoroughly mixed with a glass rod to ensure thorough mixing and left to stand for 10mins. The asphaltene precipitated out of the saturated hydrocarbon solvent and was recovered by centrifuging the mixture for 3 minutes after which the deasphaltened oil (maltene) was decanted using a Pasteur pipette. The asphaltene was rinsed with small portion of the solvent thrice and allowed to dry; while the maltene was carefully filtered to ensure it was rid off asphaltene.
Neutron Activation Analysis
Concentration of the trace elements of the samples and their components were quantified using neutron activation analysis. The reactor used for the analysis was a Miniature Neutron Source Reactor (MNSR), installed at the Centre for Energy Research and Training (CERT), Ahmadu Bello University Zaria, Nigeria
Sample Irradiation and Radioactivity Measurement
Certified Reference Material, Coal fly ash1633b was used as analytical quality control material to validate the procedure for elements of interest in the sample.
Unextracted sample (120-150mg), maltene (120-150mg), asphaltene (120-150mg) and sand residue (120-150mg) were irradiated along with the reference material. Two irradiation schemes were adopted based on the half-life of the product radionuclide. Samples were irradiated for 6h in any of the small inner irradiation channels to take the advantage of the maximum value of thermal neutron flux (5 x 10 12 n cm -2 sec) in the inner channels. The neutron flux variability over irradiation volume was determined experimentally to be less than 2% through measured specific activities of irradiated Cu wire arranged axially and radially inside the vial. The stability of neutron flux throughout the period of irradiation, especially for long irradiation was checked by monitoring the neutron flux reading of a fission chamber connected to the microcomputer control system. Radioactivity measurement of the induced radionuclides was performed by the PC-based gamma -ray spectrometry set-up. Identification of gamma rays of product radionuclides through their energies and quantitative analysis of their concentrations were accomplished using the gamma-ray spectrum analysis software, WINSPAN (2004). Table 1 shows the comparison between the certified values and those of the quality control material (coal fly ash, 1633b). The results showed that concentrations of most of the elements determined agreed closely with the certified values within an accepted range of 0-16% deviations from the certified values. Concentration of elements such as Na, Fe, Sb, Sc, and Ta were found to be very close to those of the certified values with % deviation within the range of 2-5%, while elements like Al, Ti, K, Mn, La, Sm, Cr, Ni, Co, Cs, Hf, and Th are within the range of 7-16% deviation from the certified values. In most cases, the concentration of each element from the NAA analysis was close to the value indicated for the certified material, except for few elements such as Dy, Rb, Ba, Eu, and Yb that showed very high deviation from the certified values. Generally, the result showed that over 70% of the total elements detected in the reference material were obtained at measurable quantities. However, few elements like Zn, Br, Ca, and V were found to occur at concentrations below the detection limit of the instrument; while others such as Mg and The concentrations of the elements determined in the unextracted samples of the three bitumen deposits and in their respective maltene and asphaltene components are as presented in Table 2 -4. Thirty (30) elements were determined in each of the deposits. Table 2 shows the variation in the concentrations of these elements in the unextracted sample, asphaltene and maltene components of the borehole bitumen. The concentrations recorded for the following elements: Al, Ti, V, Na, K, Mn, La, Sm, Sc, Cr, Fe, Rb, Lu, Ni, Hf, Ce and Th in the unextracted sample were comparatively higher than their respective concentrations in asphaltene and maltene portions of the sample. However, some elements such as Ca, Dy, Zn, Sb, Ba, Eu, Ta, Mg, and Cl were found to fall below their detection limits . However, the concentration of Ni (59.4 µg/g) in the unextracted sample was comparable with the value reported by Mokobia et al., 10 The asphaltene portion of the sample showed tremendous reduction in the concentrations of its constituting elements ( unextracted sample. Conversely, the concentrations of the elemental constituents of the maltene portion of the sample were relatively lower than those recorded in its asphaltene counterpart. Generally, about 77% of the total elements in the maltene portion of the sample were found to fall below the detection limit of the instrument, while 16% of the elements ( Al, Na, Br, La, Sm) showed lower concentations than their corresponding values in the asphaltene portion of the sample. However, the concentrations of V(40.26 ±0.09µg/g) and Ni (36.80 ± 0.60 µg/g) were exceptionally higher in the maltene.
RESULTS AND DISCUSSION
Generally, Fe, K, Al, and Ti were the most abundant elements within the deposit. Next in predominance were Cr, V, Na, Ce, Lu, Rb, while others like Mn, Sm, Sc, Rb, Yb, Hf and Th were the least abundant metals. The relatively high concentration of Fe (19.2%) coupled with that of Ti (285.3 µg/g) suggested the possible occurrence of Titanium rich ore ilmenite (FeTiO 3 ), within the deposit. This observation is consistent with the findings from the previous work conducted on Ondo State bituminous sand 9, 11 Mean followed by different superscript in the same column are significantly different (P<0.05) Table 3 shows the concentration of the elements present in the unextracted sample, maltene and asphaltene of the near-surface bitumen. 60% of the total elements determined in the unextracted sample were present at measurable quantities while about 40% occurred below the detection limit of the equipment. Fe recorded the highest concentration followed by Ti, Cl, Al, V and Na. Other elements such as Mn, La, Sm, Sc, Co, Cs, Eu, Br, Yb, Lu, Hf Th were also present within the matrix in appreciable concentrations. Nonetheless, Ca, K, Dy, Zn, Rb, Sb, Ba, Ta, Ce, and Mg occurred below the detection limit of the equipment.
Over 70% of the element determined in the near-surface were below the detection limit of the equipment. However, the concentrations of vanadium and nickel were exceptionally high compared with their corresponding values in the asphaltene portion of the oil. This observation is very similar to that of borehole bitumen.
The various elements determined in the tar sand and their respective concentrations are given in Table 4 . From the Table, concentrations of over 60% of the total elements determined were present in measurable quantities; these included Al, Ti, V, Na, La, Sm, Sc, Cr, Fe, Co, Sb, Br, Lu, Ni, Hf, Th and Cl. While others like Ca, Dy, Zn, Rb, Cs, Ba, Eu, Yb, Ta and Mg occurred below detection limit. Fe shows the highest concentration (25.4%) followed by Al (2625µg/g) and Ti (346.4µg/g). The high concentration of Fe and that of Ti also suggest possible occurrence of ilmenite (FeTiO 3 ) within the tar sand.
Furthermore, the high concentrations of Al and K in the unextracted sample and the sand residue indicated presence of clay mineral in the tar sand. The relatively high concentration of Al in the tar sand may be attributed to its association with kaolinite & mica. Also, the predominance of quartz in the tar sand as identified by the X-ray diffraction (Fig. 2 .0) coupled with high concentration of aluminum also suggests the presence of aluminosilicates minerals within the deposit. This observation is quite consistent with the report made on Ilubirin tar sand bitumen 11 . Table 5 shows the comparison of the elemental composition of the three bitumen deposits examined. Borehole bitumen had the highest number of these elements at detectable levels, followed by near-surface bitumen and tar sand which indicated twenty and eighteen elements at detectable levels respectively. However, tar sand had the highest concentration values of most of these elements in relation to the other two deposits. For instance, concentration of elements like Al, Ti, V, Mn, Na, K, Br, and Fe were higher than their corresponding values in the other two bitumen deposits. This observation implies that refining of the tar sand may pose more problems at the refinery due to its relatively high concentration of these metals, which could possibly poison the catalysts use for refining. The concentrations of the elements determined in the samples are significantly different (Pd" 0.05). Ten elements (Al, K, V, Co, Sm, Ti, Ni, Na, Mn, and Fe.) were determined with reasonable precision in the three bitumen samples using correlation analysis (Table 6 ).
CONCLUSION
Borehole bitumen had the highest number of elements at detectable levels, followed by near -surface bitumen and tar sand which indicated twenty and eighteen elements at detectable levels respectively. However, tar sand had the highest concentrations of most of these elements compared with the other two deposits. This implies that tar sand may require intensive demetalation process during refining process in order to reduce the concentration levels of these metals that could constitute threats to catalysts.
The high concentrations of Fe and Ti both in the tar sand and borehole bitumen samples, suggests the likely occurrence of ilmenite (FeTiO 3 ) a titanium rich ore within the two deposits. Also the high concentration of aluminum in the tar sand coupled with the presence of quartz as shown by X-ray diffractogram suggest the presence of aluminosilicate minerals within the deposit. Moreover, the presence of nickel and vanadium within the three deposits marked them potential sources of these valuable metals.
Generally, the maltene portion of the three deposits showed tremedious reduction in their elemental contents proportionate to what were detected in their respective unextracted samples. Furthermore, the strong positive correlation (Table 6 ) follow the expected geochemical relationships between the three deposits , i.e they are genetically related.
